A0-A106  946  NORTHWESTERN  UNIV  EVANSTON  IL  DEPT  OF  MATERIALS  SCIENCE  F/G  11/6 

THRESHOLDS  FOR  FATIGUE  INITIATION  AND  PROPAGATION  AND  PLASTIC  W — ETC(U) 
OCT  61  ME  PINE  N00014-78-C-0565 


M  * 

fas  i* 


AD  A1 06946 


UNCLASSIFIED 


SCCumrv  CLAMiriCATION  or  Thi*  R  AOf  Data  Mtumn4) 


REPORT  DOCUMENTATION  PAGE 


READ  KSTRUCTIOM 
BEFORE  COMPLETWO  FORM 
V  eiii4i«NT*»  catalog  SuSKS 


1.  ASSORT  NUmSCA 


2.  OOVT  ACCIMION  NO 

6MM2L 


«.  TlTLS  (m>4  tuHlllm) 

THRESHOLDS  FOR  FATIGUE  INITIATION  AND  PROPAGA¬ 
TION  AND  PLASTIC  WORK  IN  HY80  AND  HY130  STEELS 


>.  rvrt  or  asrort  a  rcmoo  covsrso 
Annual  Technical  Report 
9/1/80-8/31/81 _ 


T.  AUTMOAfaJ 


Morris  E.  Fine 


RCRrORMING  ORGANIZATION  NAMC  AMO  AOORCM 

Northwestern  Univarsity 

Dapt.  of  Matarials  Scianca  &  Engineering 

Evanston,  IL  60201 _ 


(  ecerornMNO  one.  asrort  numbs* 


I.  88STEHT  61 8RZ5T  85881*3 
N00014-78-C-0365  ^ 


II  reoaa am  (l kmCnT.  raojfCT  T Ata 
ana  a  •o*ic  unit  numbs** 

122208 


IT 


controlling  ornce  nans  and  aoonku 
Offica  of  Naval  Research  Branch  Office 
Room  286,  536  S.  Clark  Street 
Chicago ,  IL  60603 _ 

WON  I  TORI  HO  AGInCy  nAmC  i  AOONCM 


I*.  RCRORT  OATS 

October  30.  1981 


LEVEU 


ti  NUMOte  or  »ao4s 

12. 


II  tac U R1 TT  CLAU.  ra«  RMa 

Unclassified 

Ha  ||e^^iliFi6Afi6w  BAHwWaBin* 


IS.  OlSTWiSuTlOW  ITA'f  SMSnT  (3 3Ga  *—— «) 


Distribution  is  unlimited 


IT  OISTRlOUTION  IT  ATSMSNT  (ml  Ma  l 


mi  iiiaarf  M  Haa A  JS.  H  alNtwi  *aai 


■4  »ur*lSmsnta*y  not«* 


l»  AST  eoaos  iCmmnmm  aa  Rwrw  m*S  it  aaaaaaaw  53  3S*S  *r  Waal  a— Gar; 

OTS0,  RT130,  fatigue  threshold,  fatigue  crack  propagation  rate 


1 


departmnt  or  materials  science  *  engineering 

THE  TECHNOLOGICAL  INSTITUTE 
HOST  WESTERN  UNIVERSITY 
EVANSTON,  IL  60201 


7r  - 

\  ^schnlcal  I  S  •  ~~  3  i 

\  Thresholds  for  Fatlaua  Initiation  «ad  1 

and  PI— tic  Work  In  HY80  and  HY130  Steels^  --  ' 

ONR  Contract_jjfcp^014-78-C-^365  / 

Q) — — 


For  tha  Period 

1  Sap t saber  I960  to  31  August  19*1 


Morris 


‘•W 


Principal  Invastitator : 

Profaaaor  of  Natarlals  Set 
Telephone:  (312)  4*2-357* 


<  I'i 


O  Octf 


«  6  Engineer let 


«  ' 


'  <  ( 


Decreasing  Che  fatigue  crack  propagation  rate  of  HY80  and  HY130  eteela 
would  be  expected  to  increase  their  applicability.  In  previous  research  in 
this  laboratory,  ic  has  been  shown  that  the  fatigue  crack  propagation  rate 
at  intermediate  stress  intensities,  &K,  can  be  described  by  the  approximate 
equation 


<U  .  . 

Jkl  **  is..  • 


dM 


UOy#U 


In  this  equation,  A  is  a  universal  dimensionless  constant,  is  the  shear 
modulus,  Oy'  is  the  cyclic  yield  stress,  and  U  is  the  plastic  work  per  unit 
area  of  fatigue  crack  propagation  which  itself  is  a  function  of  At.  A  method 
for  measuring  U  was  developed  whereby  strain  gages  are  cemented  ahead  of 
fatigue  cracks  and  the  stress'* strain  relations  are  recorded  as  the  crack 
approaches.  The  previous  reports1  and  papers* * 3  reported  experimental  veri¬ 
fication  of  this  equation  for  HYtO  and  BY130  steels,  For  low  fatigue  crack 
propagation  rate  at  a  given  value  of  &K  in  the  lnterwmdlate  range,  one  needs 
to  achieve  large  (J  without  sacrificing  g^'.  Last  year1  we  reported  results 
for  a  series  of  tempering  temperature-time  combinations  for  HY130  which 
gave  the  same  hardness  values  but  much  different  microstructures;  da/dM  at 
constant  mid-range  A*  was  nearly  the  same  for  all  combinations. 

Since  da/dM  at  low  Ab  is  much  more  sensitive  to  mlcroetructure,  during 
the  past  year  a  comprehensive  study  of  the  effect  of  mlcroetructure  on  da/dM 
in  the  near  threshold  region  of  £K  was  undertaken  for  KYSO  and  SY130.  From 
a  practical  point  of  view,  this  region  of  a*  la  more  Important  than  the 
hl^Mr  a*  region;  however,  the  theory  is  only  in  a  primitive  state. 


Ritchie  end  others  in  studying  quenched  and  tenpered  steels  have  shown 


that  increases  as  the  tempering  temperature  is  increased  and  at  the  same 

time  the  yield  strength  is  reduced.  As  described  in  last  year's  report, 

HY130  offers  the  opportunity  to  increase  the  tempering  temperature  without 
reducing  strength  because  at  the  high  tempering  temperatures  secondary  harden¬ 
ing  occurs  with  alloy  carbides  replacing  FegC.  In  HY80  dual  phase  micro¬ 
structures  are  of  particular  interest  because  of  the  results  of  Suzuki  and 
McEvlly4  for  1018  steel.  A  microstructure  consisting  of  ferrite  islands  in 
martensite  gave  a  very  high  AK^. 

EXPERIMENTAL  DETAILS  AND  RESULTS 

HY80  and  HY130  of  the  following  compositions,  in  weight  percent, 
obtained  from  the  U.  S.  Steel  Research  Laboratory,  have  been  used  for  this 
research. 


C 

Mi 

Cr 

Mo 

Mb 

V 

0.27 

HY80 

0.18 

3.00 

1.58 

0.50 

0.32 

0.006 

HY130 

0.10 

5.33 

0.49 

0.57 

0.35 

0.064 

0.23 

The  standard  heat  treatment  for  HY130  is  austenitizing  at  815° C  followed  by 
tempering  1  hr  at  610?  C  while  HY80  is  austenitizing  at  900?  C  followed  by 
tempering  1  hr  at  700? C. 

As  described  in  last  year's  report,  three  additional  tempering  heat 
treatments  (10  hrs,  40CPC;  5  hrs,  550? C  and  ^  hr,  650? C)  besides  the 
standard  one  for  HY130  were  devised  to  give  the  same  approximate  hardness, 
31-33  Rockwell  C.  The  fatigue  crack  propagation  measurements  were  performed 
on  a  closed  loop  MTS  machine  under  load  control  using  a  sinusoidal  wave  of 
30  Hz  with  R  »  0.05  in  center  notch  specimens. 


The  results  at  intermediate  AKs  in  HY130  with  these  four  heat  treat¬ 
ments  done  in  air  and  argon  environments  were  reported  last  year.  During 
the  past  year  the  tests  were  extended  to  the  low  AK  region.  The  threshold 
AK  was  measured  by  the  load  shedding  technique  in  dry  argon  environment. 
Uhen  da/dN  is  below  1(T9  m/cycle  the  load  reduction  must  be  smaller  than  57. 
to  avoid  crack  arresting.  After  AK  was  decreased  to  where  no  crack  growth 
was  detected  in  2  x  1CP  cycles,  the  load  was  increased  to  give  a  small  in¬ 
crement  of  aK  and  da/dN  was  measured  again. 

The  crack  propagation  rates  near  in  HY130  with  the  different  heat 

tn 

treatments  are  shown  in  Figs.  1-4.  The  Intermediate  AK  data  from  the 
previous  report  are  plotted  in  the  same  figures.  The  near  threshold 
fatigue  crack  propagation  results  are  summarized  in  the  following  table. 

The  four  sets  of  data  are  compared  in  Fig.  5. 


Fatigue  Crack  Propagation  Rate  Data  of  HY130  for 
Four  Tempering  Treatments 

Hardness  ^Kth  da/dN  (m/ cycle)  da/dN  (m/cycle) 

(R.C.  Scale)  (MPa  /m)  (at  AK-5  MPa  7m)  (at  AK»20  MPa  /m) 


A 

10  hrs,  400PC 

33 

2.8 

3 

X 

l<r9 

4 

X 

10T® 

B 

5  hrs,  55CPC 

33 

3.0 

2 

X 

icr9 

4 

X 

icr® 

C 

1  hr,  61CPC 

33 

3.6 

1 

X 

icr9 

5 

X 

icr® 

D 

i  hr,  650PC 

31 

3.2 

2 

X 

i<r9 

5 

X 

icr® 

All  done  in  dry  argon 


The  standard  treatment,  tempering  1  hr  at  610PC,  gave  the  lowest  da/dN 
at  AK  of  5  MPa  /m  and  highest  AK^,  3.6  MPa  /m. 

The  previous  da/dN  data  at  intermediate  AKs  seems  slightly  lower  than 
the  present  data.  This  may  be  partially  explained  by  a  difference  in 
specimen  thickness.  For  the  low  AK  tests,  wider  and  thicker  specimens 


were  used.  These  give  closer  to  plane  strain  conditions  at  Intermediate 
AK a. 

Scanning  electron  microscopy  was  used  to  examine  the  fracture  surfaces 
near  the  threshold  region.  The  scanning  electron  micrographs  of  the  fatigue 
fracture  surfaces  of  specimens  tempered  1  hr  at  610?  C  and  10  hrs  at  40CP  C 
are  shown  In  Figs.  6  and  7  respectively.  In  Fig.  6  the  fracture  morphology 
shows  a  ductile  transgranular  fracture  mode  to  have  occurred.  The  morphology 
is  similar  at  intermediate  AKs.  While  the  fracture  mode  for  10  hrs  at  40CPC 
Is  also  mostly  transgranular.  Fig.  7,  there  are  some  Intergranular  facets. 

The  proportion  of  Intergranular  facets  Is  reduced  with  Increase  in  aK.  The 
lower  for  this  treatment  seems  to  be  due  to  the  Intergranular  fracture 

mode.  Its  origin  is  not  known. 

In  view  of  the  high  A&  .  reported  by  Suzuki  and  McEviiy4  in  dual  phase 

tn 

ferrite-martensite  1018  steel,  a  considerable  amount  of  effort  was  spent 
on  developing  heat  treatments  for  producing  martensite-ferrite  structures 
in  HY80.  Based  on  extensive  metallographic  study,  two  types  of  inter- 
critical  heat  treatments  were  selected:  (a)  Intermediate  quench  and  (b) 
step  quench.  In  the  former,  specimens  are  austenitized  at  90CPC  for  one 
hour,  water  quenched,  reheated  for  variable  times  at  75flPc  and  water 
quenched  again.  This  results  in  a  mixture  of  lamellar  and  equlaxed 
ferrite  in  a  martensite  matrix.  The  typical  microstructure  Is  shown  in 
Fig.  8.  The  volume  fraction  of  the  lamellar  ferrite  decreases  with  time 
at  75CP  C.  In  the  step  quench  treatment  after  austenitizing  at  900p C,  the 
specimen  is  cooled  directly  to  65(fC,  isothermally  transformed  and  then 
water  quenched.  This  results  in  equlaxed  ferrite  particles  distributed 
in  a  martensite  matrix.  The  micrograph  of  a  specimen  transformed 


isothermal ly  for  6  hrs  at  650° C  la  shown  in  Pig.  9.  The  amount  of  ferrite 
increases  with  time  at  65GPC. 

After  these  heat  treatments  the  specimens  appear  banded.  This  is  be¬ 
lieved  to  result  from  structural  inhomogeneities  in  the  initial  as  received 
hot  rolled  steel.  An  initial  heat  treatment  to  form  bainite  seems  to 
alleviate  the  banding.  The  plan  is  to  completely  eliminate  the  banding 
before  measuring  and  da/dN  versus  &K  in  various  dual  phase  HY80 

structures. 
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Fig.  i.  Fatigue  crack  propagation  rata  versus  &K  of  HY130  tempered  10  bra 
at  40CP  C. 
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Fig.  2.  Fatigue  crack  propagation  rate  versus  &K  of  HY130  tempered  5  hrs 
at  55CPC. 
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Fig.  3.  Fatigue  crack  propagation  rata  versus  &K  of  HY130  taapsrad  1  hr 
at  610PC. 
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Fig.  4.  Fatigue  crack  propagation  rata  versus  &K  of  HY130  tampered  \  hr 
at  650® C. 
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Pig.  5.  Comparison  of  fatigue  crack  propagation  rates  of  HY130  for  the 
four  tempering  treatments. 


.  6.  Scanning  electron  micrograph  of  the  fatigue 
fracture  surfaces  of  HY130  tempered  1  hr  at 
610?  near  threshold  region  (&K  ~  4  MPa/m). 
The  arrow  shows  the  direction  of  crack 
propagation. 


.  7.  Scanning  electron  micrograph  of  the  fatigue 

fracture  surfaces  of  HY130  tempered  10  hrs  at 
40CP  C  near  threshold  region  (&K  ~  3  MPV®)* 
The  arrow  shows  the  direction  of  crack 
propagation. 
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Fig.  8.  Micrograph  of  dual  phase  of  HY80  austenitized  at 
900° C  for  1  hr,  water  quenched,  reheated  at  75(f  C 
3  hrs  and  then  water  quenched. 
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Micrograph  of  dual  phase  of  HY80  austenitized  at 
900° C  for  1  hr,  cooled  directly  to  65(^0  for  6  hrs 
and  then  water  quenched. 
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